Tectorigenin has received attention due to its antiproliferation, anti-inflammatory, and antioxidant activities. In this study, we investigated the effects of tectorigenin on lipo- (Wu, Han, Chen, Yan, & Ning, 2010) . These immune cells contribute to
inflammation and aggravate liver injury (Malhi et al., 2010) . Lipopolysaccharide (LPS)-and D-galactosamine (D-GalN)-induced FHF is a frequently used animal model that closely mimics endotoxemia-induced clinical FHF (Ewaschuk et al., 2007) . Toll-like receptor 4 (TLR4) is an important LPS receptor, and TLR4-mediated mitogen-activated protein kinase (MAPK) and nuclear factor-κB (NF-κB) signaling pathways play important roles in inflammation and FHF (Crispe, 2009; Malhi et al., 2010) . Autophagy is a homeostatic degradative process that removes damaged organelles and turns over cytoplasmic factors in eukaryotic cells (Klionsky & Emr, 2000) . It was reported that autophagy may protect against FHF by regulating immune responses .
Tectorigenin (Tec; Figure 1a ), a component of Belamcanda Adans, has antiproliferation, anti-inflammatory, and antioxidant activities (Wang et al., 2017) . Presently, the main studies on Tec have focused on its antitumor effects via the NF-κB and MAPK pathways (Yang et al., 2012; Zeng et al., 2018) . Tec was also reported to demonstrate a protective effect on acute lung injury (Ma, Liu, Qu, & Ma, 2014) and hepatoprotective effects in models of chemical and oxidative damage (H. U. Lee, Bae, & Kim, 2005 ; H. W. Lee, Choo, Bae, & Kim, 2003) .
However, little information is available to reveal the therapeutic potential of Tec against a fulminant and deadly hepatic failure model.
To the best of our knowledge, the effect of Tec on autophagy also remains unknown. Therefore, we investigated the therapeutic potential of Tec against FHF.
| MATERIALS AND METHODS

| Materials
Tec (C 16 H 12 O 6 , purity >98%, MW = 300.26) was purchased from Feiyu Biotechnology Corporation (Nantong, China). The In Situ Cell Death Detection Kit, LPS, and D-GalN were obtained from Sigma-Aldrich (St Louis, MO, USA). The NF-κB Pathway Sampler Kit, MAPK Family Antibody Sampler Kit, and goat anti-mouse IgG-horseradish peroxidase (HRP) and goat anti-rabbit HRP were purchased from Cell SignalingTechnology (Beverly, MA, USA). Antibodies against GAPDH, LC3 I, LC3 II, Histone H3, and P62 were from Abcam (Cambridge, UK). The DAB substrate kit was from Abcam. The ALT and AST kits were purchased from Jiancheng Bioengineering Institute (Nanjing, China). The bicinchoninic acid protein assay kit, RIPA, 5× loading buffer, QuickBlock™ Western Blocking Buffer, and phosphatase and protease inhibitor cocktails were purchased from Shanghai Beyotime Biotechnology Corporation (Shanghai, China). The IL-6 and TNF-α enzyme-linked immunosorbent assay kits were from eBioscience (San Diego, CA, USA). The CCK8 assay kit was obtained from Dojindo (Kumamoto, Japan). Sciences. Liver injury was induced by the intraperitoneal injection of 50 μg/kg LPS and 800 mg/kg D-GalN (Sigma) in phosphate-buffered saline (PBS) as reported previously . Tec was dissolved in PBS containing 5% dimethyl sulfoxide. For pretreatment, an equal volume of PBS with 5% dimethyl sulfoxide or different concentrations of Tec (12.5, 25 , and 50 mg/kg) was injected intraperitoneally 30 min before LPS/D-GalN administration. To observe the survival of different groups, 45 mice (15 mice per group) were used. After LPS/D-GalN injection, mortality was recorded every 2 hr, and the survival rates were continuously monitored for 24 hr. After 24 hr, 2 mice were left in LPS/D-GalN group, 8 mice in LPS/D-GalN+Tec (25 mg) group, and 15 mice in control group. All mice were anesthetized with isoflurane inhalation. For some experiments (isolation of liver tissue and blood), mice (five mice per group) were sacrificed at 2,4, and 6 hr after the GalN/LPS injection. Blood was collected from the retroorbital venous plexus and was centrifuged at 4°C for 10 min at 3,500 rpm. The livers were washed twice with distilled PBS, and a portion was used for histopathology. The remaining tissue was cryopreserved to prepare the liver homogenates.
| Animals
| Determination of liver enzyme activities
Serum was collected and stored at −80°C until use. ALT and AST activities were determined using commercial kits (Jiancheng) following the manufacturer's instructions.
| Histology
The left lobes of the liver tissue samples were fixed with 4% paraformaldehyde for 24 hr, embedded in paraffin, and cut into 5-μm-thick sections. The sections were stained with hematoxylin-eosin, and representative images of nonconsecutive free-selection 200× histological fields were captured using a digital slice scanning equipment (NanoZoomer 2.0RS). Hematoxylin-eosin stained livers were evaluated by a single pathologist in a blinded fashion on the reported semiquantitative scale (Perego et al., 2017) .
The total score for acute hepatitis is given by the sum of the inflammation score (portal + lobular scores) and necrosis score, which are scored as follows.
Inflammation score: 0, no inflammation; 1, mild lobular inflammation (<10% of liver parenchyma)/mild portal inflammation (<1/3 of portal tracts); 2, moderate lobular inflammation (10-50% of liver parenchyma)/moderate portal inflammation (approximately 50% of portal tracks); and 3, severe lobular inflammation (>50% of liver parenchyma)/severe portal inflammation (>2/3 of portal tracts). Necrosis score: 0, no necrosis; 1, <10% necrosis of liver parenchyma; 2, 10-25% necrosis of liver parenchyma; and 3, >25% necrosis of liver parenchyma. RAW 264.7 cells were cultured in Dulbecco's modified Eagle's medium (DMEM) (Gibco) supplemented with 100 IU/ml of penicillin, 100 μg/ml streptomycin, and 10% heat-inactivated fetal bovine serum. LO2 cells were cultured in DMEM supplemented with 100 IU/ml penicillin, 100 μg/ml streptomycin, and 10% fetal bovine serum. The cells were incubated at 37°C in a fully humidified incubator with a 5% CO 2 atmosphere and were subcultured twice weekly. 
| Quantitative real-time reverse transcription-polymerase chain reaction
Total RNA was isolated from cultured cells and liver tissue using TRIzol (Invitrogen) according to the manufacturer's instructions and was reverse transcribed into cDNA using the PrimeScript™ RT Master Mix (TaKaRa), and primers (Table S1 ) were purchased from Generay Biotechnology Corporation (Shanghai, China). PCR was conducted using a 7500 Real-Time PCR system (Applied Biosystems).
Data analyses were performed using the 2 -ΔΔCT method for relative quantification using β-actin as a reference gene for normalization.
| Cytokine assays
The cytokine levels of IL-6 and TNF-α were measured using enzymelinked immunosorbent assay kits (eBioscience) according to the manufacturer's instructions.
| Western blotting
For total protein isolation, portions of the liver were sonicated in RIPA lysis solution containing protease and phosphatase inhibitors (Beyotime). The protein in cytosol and nucleus was extracted using the Minute™ Cytoplasmic and Nuclear Fractionation kit (Inventbiotech, Beijing, China) according to the manufacturer's protocol. The cells were washed three times with PBS, centrifuged, and lysed with RIPA containing phosphatase and protease inhibitor cocktails. The protein concentrations of the lysates were measured using the bicinchoninic acid assay. The protein samples (50 μg) were mixed with 5× loading buffer (Beyotime), boiled for 10 min, separated on a 12% or 15% (w/v) sodium dodecyl sulfate-polyacrylamide gel electrophoresis gel (Beyotime) and transferred to a polyvinylidene difluoride membrane. The membrane was blocked with QuickBlock™ Western Blocking Buffer (Beyotime) for 0.5 hr and was incubated with the appropriate primary antibodies overnight at 4°C. The membranes were next incubated for 1.5 hr with the appropriate HRP-conjugated secondary antibodies. Target proteins were visualized using a chemiluminescence imaging system (Clinx Science Instruments). The protein levels were normalized to those of GAPDH or Histone H3.
| Transmission electron microscope evaluation
Liver tissues (<5 mm) were soaked in 2.5% glutaraldehyde in 0.1 M PBS at 4°C overnight and post-fixed in 1% OsO4 in 0.1 M PBS at room temperature for 1 hr. The sample was first dehydrated in graded alcohols, transferred to absolute acetone for 20 min, infiltrated in mixture of absolute acetone and Spurr resin, and then embedded in Spurr resin for sectioning. Ultrathin (70-90 nm) sections were collected on nickel grids. Images were acquired with a digital electron microscope (H-7650, Hitachi Ltd, Tokyo, Japan).
| Statistical analyses
The data were expressed as the means ± standard deviation of at least three independent experiments. The statistical significance of differences between groups was assessed by one-way analysis of variance using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). The survival rates were compared by Kaplan-Meier analyses and the log-rank test.
Statistical significance was defined as p < 0.05. 3.3 | Tectorigenin prevents liver injury via the TLR4/mitogen-activated protein kinase and TLR4/nuclear factor-κB pathways and autophagy
The activity of TLR4/MAPK and TLR4/NF-κB signaling pathways is correlated with FHF and inflammation (Crispe, 2009; Malhi et al., 2010) . We first detected the expression of TLR4 in the liver tissues of FHF mice; the TLR4 levels were significantly increased in LPS/DGalN-induced FHF mice at 4 and 6 hr ( Figure 3a) ; and Tec signifi- We found that the number of autophagosomes was significantly increased in the Tec treatment group at 6 hr ( Figure S1 ). Therefore, The application of herbs in liver diseases is an important alternative therapy in Eastern medicine (Schuppan, Jia, Brinkhaus, & Hahn, 1999) . However, owing to the lack of standardization and randomized clinical trials, the promotion of herbs has been restricted over the past To explore the underlying mechanism of Tec, we examined the TLR4/MAPK and TLR4/NF-κB pathways. TLR4 signaling plays a key role in the pathogenesis of liver injury (Ben Ari et al., 2012) , and TLR4 is the essential receptor for LPS in immune cells (Medzhitov, 2001 ). An increased TLR4 level is correlated with elevated mortality and LPS/D-GalN-induced liver damage (Ben Ari et al., 2012). In this study, the TLR4 levels were significantly increased in vivo, whereas elevated TLR4 levels were decreased by pretreatment with Tec.
FIGURE 5
Tectorigenin blocks TLR4/mitogen-activated protein kinase and TLR4/nuclear factor-κB pathway activation and promotes autophagy in RAW 264.7 cells. Levels of (a) TLR4; (b) phosphorylated and total p65 and IκBα, and cytosolic and nuclear p65; (c) phosphorylated and total ERK, p38, and JNK; and (d) LC3 I, LC3 II, and p62 in RAW 264.7 cells were determined by Western blotting (*p < 0.05, **p < 0.01, and ***p < 0.001 compared with the lipopolysaccharide group. #p < 0.05, ##p < 0.01, and ###p < 0.001 compared with the control group; n = 3) TLR4 activation initiates a proinflammatory response dependent on the activation of MAPK and NF-κB signaling pathways (Takeuchi & Akira, 2010) . In this study, the activation of the MAPK pathway was Numerous studies reported that autophagy can protect the liver from FHF by suppressing the inflammatory response (Han et al., 2016; . Autophagy also protects against liver injury by suppressing caspase activation and apoptosis (Amir et al., 2013; Ni, Bockus, Boggess, Jaeschke, & Ding, 2012) . Genetic deletion of hepatic Atg7 contributes to hepatomegaly and hepatic cell swelling (Komatsu et al., 2005) . In our study, autophagy was suppressed by LPS/D-GalN in vivo, as the lipidation of LC3 I to LC3 II decreased.
Tec pretreatment induced the lipidation of LC3 I to LC3 II in mice.
Tec did not significantly influence p62 degradation in vivo. In the present study, we demonstrate for the first time that Tec could promote
Some multicenter studies have demonstrated that the presence of the systemic inflammatory response syndrome in ALF is associated with a poor prognosis (Antoniades et al., 2008) . Innate immune cells released inflammatory cytokines following exposure to certain stimulating factors in liver injury, and cytokine storms could be extremely fatal (Takeuchi & Akira, 2010; Youn, Lee, Choi, & Park, 2016) . Our in vitro studies confirmed the anti-inflammatory effects 
